Introduction
Phenothiazines have significant haemodynamic effects which may be ofclinical importance (Elkyam & Frishman, 1980) . Thus, chlorpromazine has been used to reduce cardiac afterload in cases of myocardial infarction with congestive heart failure (Elkyam et al., 1977) , in the early postoperative management of cardiac surgical patients (Stinson et al., 1975) , in the treatment of shock (Coppolino & Wallace, 1960; Dietzman & Lillehei, 1968; Gulotta, 1970) , in the management of acute hypertensive crises (Baldini & Lincoln, 1964; Danish Multicenter Study, 1980) , and in the treatment ofpostpartum hypertension (Cassady et al., 1960) . Furthermore, chlorpromazine has beneficial effects on kidneys stressed to warm ischaemia 'Author for correspondence. (Bilde & Dahlager, 1977) and in skin flap preservation (Jurell et al., 1983; Bibi et al., 1986) .
Some of the effects of chlorpromazine on the cardiovascular system are due to actions on the peripheral nervous system. These include blockade of postsynaptic a-adrenoceptors (Gokhale et al., 1964 ; Thoenen et al., 1965; Morgan & Van Maanen, 1980; Asano et al., 1982) and inhibition of neuronal reuptake of released transmitter (Hertting et al., 1961; Axelrod et al., 1962; Rosell & Axelrod, 1963; Iversen, 1965; Maxwell et al., 1969) . Chlorpromazine also has a direct vasodilator effect on vascular smooth muscle (Asano et al., 1982) . In the present work, we have studied in detail the effects of chlorpromazine on sympathetic neuroeffector transmission in isolated blood vessels and compared its effects with those of c The Macmillan Press Ltd 1988
well-known a-adrenoceptor antagonists. Rabbit isolated pulmonary artery and aorta were used.
Methods
Contractions ofrabbit isolatedpulmonary artery evoked by electrical-field stimulation
The method described by Husted & Nedergaard (1981) was used. The main pulmonary artery was removed rapidly from an unconscious exsanguinated rabbit (1.8-2.6 kg). The artery was divided into two rings which were suitably mounted in isolated tissue baths and maintained at 10 mN resting tension. The preparations were subjected to electrical-field stimulation (225 mA; 3 Hz; 0. (Nedergaard & Schrold, 1977) .
Accumulation of[3H]-noradrenaline by rabbit isolated aorta
The method described previously (Nedergaard, 1980) 
Statistical analysis
The standard t test (unpaired samples) was used to compare differences between means.
Results

Effect ofchlorpromazine and x-adrenoceptor antagonists on stimulation evoked contractions
In the presence of cocaine (3 x 10-5 M) plus corticosterone (4 x 10-5 M) plus propranolol (10-7 M), prazosin (10--10-7 M), chlorpromazine (10-8-10-5 M), phentolamine (3 x 10-8-3 x 10-5M) and rauwolscine (6 x 10-6-3 x 10-5 M) reduced the contractions of pulmonary artery evoked by electricalfield stimulation (Figure 1 ). The rank order of Antagonism to noradrenaline, phenylephrine and potassium
The ability of chlorpromazine and prazosin to inhibit contractions of rabbit aorta evoked by NA, phenylephrine and potassium was examined. From the concentration-response curves for NA (10-9-3 x 10-4 M) and phenylephrine (10-9-3 x 10-4M) the pD2 values were determined (Table 1) . Chlorpromazine (3 x 10-8-10-6M) and prazosin (3 x 1-9-10-7M)
shifted the concentration-response curves for the two agonists to the right in an apparent parallel manner ( Figure 4 ). Plots according to Arunlakshana & Schild (1959) yielded straight lines with slopes not significantly different from -I ( Table 1) . The pA2 values demonstrated that chlorpromazine was only slightly less potent as an antagonist than prazosin (Table 1) maximal contractions evoked by potassium (16-55mM) ( Figure 5 ). Prazosin (107-10-5M) had no effect ( Figure 5 ).
Discussion
The present work demonstrates that chlorpromazine, prazosin and phentolamine inhibited the contractions of pulmonary artery evoked by electrical field stimulation. This confirms the effect for prazosin (Davey, 1980) and phentolamine (Borowski et al., 1977; Davey, 1980) . The chlorpromazine-induced inhibition of the neurogenic contractions is probably due mainly to a blockade of postsynaptic a,-adrenoceptors. Chlorpromazine is a potent x,-adrenoceptor antagonist (see below) and the excitatory adrenoceptors in smooth muscle of the pulmonary artery are z,-adrenoceptors (Docherty & Starke, 1981) . At chlorpromazine concentrations of3 x 10-7 M and higher, a direct action on smooth muscle also may have contributed to the block, since chlorpromazine at these concentrations antagonized the potassium-evoked contractions of rabbit isolated aorta ( Figure 5 ).
Rauwolscine is a stereoisomer of yohimbine which is a local anaesthetic with about the same potency as cocaine (Bowman & Rand, 1980) . It is unlikely that the rauwolscine-induced inhibition of the stimulationevoked contractions (Figure 1 ) was due to a presynaptic local anaesthetic action whereby the transmitter release would be decreased. This view is supported by the observation that rauwolscine in a concentration which caused complete blockade of the neurogenic contractions, enhanced the 3H-overflow from the pulmonary artery preloaded with [3H]-NA (unpublished data).
Rauwolscine is considered to be an ux-adrenoceptor 0 antagonist on postsynaptic receptors (Nickerson, 1949; Kohli et al., 1957 (Docherty & Starke, 1981) . Although rauwolscine is 0 = r considered to be a rather selective M2-adrenoceptor .°°d eantagonist (Starke, 1981; McGrath, 1982) , it is most (Figure 1 ) is due to inhibition of postsynaptic a,-adrenoceptors. This is°D~Q supported by the fact that rauwolscine has a postjunctional a,-adrenoceptor pA2 value of approximately 6 in rabbit pulmonary artery (Weitzell et al., 1979) and other tissues (McGrath, 1984) . mitter had been inhibited by cocaine and corticosterone, respectively. This is supported by the observation that rauwolscine in the same concentration range enhanced the stimulation-evoked release of ['H]-NA release in the rabbit pulmonary artery (Weitzell et al., 1979; Nedergaard, 1986 (Hertting et al., 1961; Axelrod et al., 1962) , and rat heart (Rosell & Axelrod, 1963) as well in vitro: rat heart (Iversen, 1965) , rabbit aorta (Maxwell et al., 1969) , rat brain synaptosomes (Richelson & Pfenning, 1984) , and squid brain synaptosomes (Pollard et al., 1975 (Nedergaard & Abrahamsen, 1987 (Langer & Enero, 1974; Borowski et al., 1977; Schrold & Nedergaard, 1979) .
Chlorpromazine inhibited the uptake of catecholamines in isolated storage granules from bovine adrenal medulla (Carlsson et al., 1963) . It is possible that inhibition of the granule membrane pump to a small degree also may have contributed to the reduc- -0 inhibitory effect of cocaine is considered to be due to a p * selective action on the Uptake, transport mechanism in the plasmalemma. Only at high concentrations of cocaine may the local anaesthetic property of this * amine possibly contribute to the inhibition. This is most likely also the case with chlorpromazine although it is a much more potent local anaesthetic than -i cocaine (Seeman, 1972) . Thus, the nerve-blocking * concentration in frog sciatic nerve is 10-5 M for chlorpromazine (Seeman, 1972 ) and 2.6 x 10-M for cocaine (Skou, 1954) . However, at a concentration (10-5M) where chlorpromazine caused a 75% reduction in [3H]-NA accumulation (present work), it enhanced the stimulation-evoked 3H-overflow from rabbit pulmonary artery preloaded with [3H]-NA (unpublished data).
Phentolamine is an inhibitor of Uptake, (Starke et al., 1971 ), but not of Uptake2 (Cole & O'Donnell, 1982) and in rather high concentrations this drug 40 50 reduces the accumulation of [3H]-NA by rat brain slices (Schlicker et al., 1983) . On the other hand, phentolamine did not change amine uptake by the nictitating membrane of the cat (Langer & Trendelenburg, 1969 (Figure 3 ). This indicates that these x-adrenoceptor antagonists do not interfere with the Uptake, mechanism.
Chlorpromazine and prazosin antagonized the contractions of aorta evoked by noradrenaline and phenylephrine in a competitive manner. Similar results were obtained with chlorpromazine in dog femoral artery (Morgan & Van Maanen, 1980) and rabbit aorta (Gokhale et al., 1964; Asano et al., 1982) , and with prazosin in dog mesenteric artery, femoral artery and vein (Davey, 1980) , rat blood vessels (Cohen et al., 1979) , rat mesenteric artery (McPherson et al., 1984) , rabbit pulmonary artery (Cambridge et al., 1980) , rabbit ear artery and saphenous vein (Purdy et al., 40 50 1980) and human arteries (Jauernig et al., 1978) , A) human omental arteries and veins (Steen et al., 1984; Skarby & Andersson, 1984) and human temporal prazosin on artery (Skarby & Andersson, 1984 (Docherty et al., 1981) ; (2) alone (conphenylephrine is a selective ax-adrenoceptor agonist presence of (re 3 1-6 (Drew & Whiting, 1979) ; and (3) the pA2 values )siu in the obtained with chlorpromazine were very similar to 0). For the those seen with the highly selective x,-adrenoceptor osin are not antagonist prazosin (Doxey et al., 1977) (cf. Table 3 ). Davey, 1980 De Mey & Vanhoutte, 1981 Davey, 1980 Ibid., 1980 Muramatsu et al., 1983 Toda, 1983 Miiller-Schweinitzer, 1983 Ibid., 1983 Sullivan & Drew, 1980 Ibid., 1980 Shoji et al., 1983 Shoji et al., 1983 De Mey & Vanhoutte, 1981 Toda, 1983 Glusa & Markwardt, 1983 Skarby & Andersson, 1984 Ibid. (Morgan & Van Maanen, 1980) and rabbit fundus (Ruffolo & Patil, 1978) and considerably lower than those obtained by Gokhale et al. (1964) using rabbit aorta ( (Levin & Weiss, 1979) . At chlorpromazine concentrations of 3 x 10-M and 10-6 M, the purported inhibition of calmodulin may conceivably have played a minor role in the chlorpromazine-induced shift of the NA and phenylephrine concentrationresponse curves to the right. This view gains support from the finding that chlorpromazine (3 x 10-M and higher) decreased the potassium-evoked contractions ofrabbit aorta ( Figure 5 ). On the other hand, Asano et al. (1982) concluded that the inhibitory effect of 10-6 M chlorpromazine on NA-induced contractions of rabbit aorta was due to a specific action against aadrenoceptors. At a higher concentration, 10-4 M, the observed inhibitory effect of chlorpromazine may in their view reflect the interaction with intracellular calmodulin. The highest concentration of chlorpromazine used in the present antagonism study was 10-6M (Table 1) .
The present pA2 values for prazosin are in good accord with those determined in rabbit aorta and in several blood vessels in the rabbit, cat, dog and man (Table D) . However, both higher and lower values have been delermined in several blood vessels (Table 3) . It has recently been suggested on the basis of affinity studies that there appear to be two subtypes of a,-adrenoceptor in vascular smooth muscle of blood vessels (Flavahan & Vanhoutte, 1986; 1987) . On the other hand, Docherty (1987) states that the evidence in favour of a subclassification is equivocal and that the proposal by Flavahan & Vanhoutte (1986) is premature. This controversy needs to be resolved before a clear-cut interpretation can be made with regard to the differences between the present pA2 values for rabbit aorta and the high values reported for some blood vessels (cf. Table 3 ). In order to make a proper comparison of pA2 values for different tissues, it seems important that the experiments are carefully controlled and carried out under the optimal conditions as described by Furchgott (1972) for this type of receptor analysis.
Our results are in agreement with the view that prazosin is a highly selective x,-adrenoceptor antagonist (Stokes, 1984) . According to Constantine et al. (1973) , prazosin has a direct relaxant action on smooth muscle. The failure of prazosin to alter the potassium-evoked contractions ( Figure 5 ) indicates that this is not the case for rabbit aorta. A similar conclusion was reached for the rabbit ear artery (Purdy et al., 1980) .
